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This study was designed to extend the generality of 
the Substrata-Factor Theory by two tnethods of investigation: (1) 
thtoretically, to establish the validity of the hypothesis that an 
isofnorphic relationship exists between the Substrata-Factor Theory 
and the General Open Systems Theory, and (2) experinientally, to 
discover through a series of substrata analyses the patterns of 
interaction by which a set of subject matter areas mutually and 
reciprocally support each other, Eight postulates, fundamental to 
both the General Open Systems Theory and the Substrata-Factor Theory, 
were identified. It was concluded (1) that there was an isomorphic 
relationship between all postulates in the two theories; (2) that 
subjict matter areas could be conceived of as suprasysttnis girded by 
diverse, yet fundamentally relatid, subsystems; (3) that working 
system hierarchies were found for each content area manifesting 
quantitative and qualitative differtncis in organization of substrata 
sequences, amount of variance called for, and ridundancy of 
particular variables; (4) that reciprocal interaction could be 
inferred from and X on Y and Y on X regression analysis; and (5) that 
the proration sequential techniqut might provide a basis for 
determining the extent of a particular subsystem's impact on the 
suprasystem, Suggestions for further research and a bibliography are 
included, (This docuinent previously announced as ED 024 546,) (JB) 
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GENERAL OPEN SYSTEMS TOTORY AND THE 
SUB STRATA- FACTOR THEORY OF READING 1 



Marttn Kltog 
Rutgera University 
Purpose 

This study was deaigned to extend the genarallty of 
the Subs trata- Factor Thaory via two methods of Invasti- 
gat ion I 

1. Theoretically ^ to aatabliah the validity of 
the hypochasls that an leomorphlc relation- 
ship axlsts between the Subs trata-Faator 
Thaory and General Open Systems Theory | 

2^ Experimentally ^ to discover through a sarlas 
of substrata analyses the patterns of inter- 
action by which a set of subject matter areas 
Creadingj vocabulary, information^ lltaratura, 
granmiar^ numerical reasonlngj arithmetic funda- 
mentals , gaography j history^ and civics) mutu- 
ally and reciprocally auppprt each ochar. 
These pattarns are used to Illustrate the 
nature of the subsystems subsumad within a 
suprasystem aa poatulated in tha theoretical 
models under consideration* 

Ms thad of Analysis 

l^i Part I, a logical analysis of the postulates de^ 
riv^jd from the General Open Systems Theory and the Sub- 
strata-Factor Theory is made. Attention is particularly 
cantered on the eighth postulate as an appropriate focus 
to lllustrata in Part 11 the statistical application of 
the postulate* 

In Part 11, two substrata analyses are presented to 
discover the statistically significant contribution which 
each of the content areas makes to the other specified 
subsystems In an "idealised" mental cosmos which the 
model conceives, as a syprasystem of interrelated working 
system hierarchies* 

Part I 

The Integrating construct of this paper is General 
Open Systems Theory, Ganaral Open Systems theorists make 

ERiC 



Che following presumpfciono : 



1. that inanimate and animate matter can be repre- 
sented by systeme, 

2. that a greater unifleation among the various 
sciences la both desirable and attainable, and 

3. that there exist general systems laws "which 
apply Co any system of a certain type. Irre- 
spective of the partieuiar properties of the 
systems or the elements Involved" CBertalanffy 
1950b, 138) , y> 

General Open Systems Theory has been described by 
Ashby (1958, p. 1) as symptomatic of a movement directing 
Its actentlon to systems that are complex, Ashby notes 
Chat for the past two hundred years science has been 
interested primarily in whatever Is simple, 1 . e . , in 
Identifying the imits out of which complex structures are 
made. Thus Sherrington Isolated the stretch reflex? 
Pavlov, the salivary conditioned reflex| Dodge, the' 
corneal=ref lection method for photographing eye movements 
The rule was to fractionate and study one variable at a 
time , 

Bertalanffy C1956, p, 2) indicates that one of the 
main problems of General Systems Theory Is to deal with 
organized complexity. Logic would seem to demand not a 
special systems theory but a larger construct utilizing 
universal principles valid for "systems" In general In 
order to understand the characteristics of such organiaed 
complexity, 

Bertalanffy defines a system as "sets of variables 
standing In Interaeclon" (1956, p. 3>, 

Floyd Allport gives a comprehensive definition of 
a system: 

, . . any recognizably delimited aggregate of 
dynamic elements that are In some way inter- 
connected and interdependent and that continue 
to operate together according to certain laws 
and in such a way as to produce a characteris- 
tic total effect, A system. In other words, 
is something that is concerned with some kind 
of activity and preserves a kind of Integration 
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and unity; and a particular syatam can be recog- 
nlsad as dls tine t from other sys tams to which , 
however J It may be dynamically related. Systems 
may ba complaK, they may ba mada up of interde- 
pendent sub-- aya tems , each of which ^ though lea s 
autonomous than the entire aggregate is , never- 
thalass^ fairly dis tingulshabla In oparation 
(1955, p. 469). . 

As tronomer s have little difficulty defining a solar 
syatem, even though It Is obvious that a particular solar 
syatem is part of a larger system such as a galaxy , which 
In turn Is part of the Milky Way^ which is embedded in 
the universe. The definition of a system Is arbitrary an 
la highly dependerit on \a priori definitions of a task or 
problem* 

The conaept of system, thenp implies a goal or 
purpose 5 and It Implies Interaction and cormuni^ 
cation between components or parts .... 

A man-^machlne a ye tern ±a an prganl^atlon whose 
components are men and macliines ^ working to^ 
gathar to aehlava a cotranon goal and t^led to- 
gether by a conmiunlcation network (Gagne ^ 1962 5 
pp. 15-16) , 

Systems may vary along two dimensional (1) by their 
level of abstraction (pictorial^ descriptive^ or abstract 
mathematical) ; and (2) by the type of metaphor tbay em^ 
ploy (machine 5 organism, fields etcO (Hearn, 1958 , p, 
40) - The mo^t appropriate metaphor for representing 
human Individuals and human aggregates is the Organlsmla 
Open Sys terns Model , 

From an analysis of dynamic and serviceable theories 
in a number of Sciences Including biology^ chemistry^ 
and physics, Bertalanffy (1945, 1950a & b, 1956) identi- 
fied or abstracted seven attributes of an Organlsmlc Open 
Systems Model; Werner (1948)^ an eighths 

1, Open SystaraS aKchanga energy and Inf ortna tlon with 
their environment through Input and output channels^ 

2. Open Systems tend to be characterised by steady 
states as those of organic metabolism * a constant 
ratio being maintained by the components of the 
sys tarn* An Inanimate example is that of a candle. 
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When first lighted it's flame ia small, bui grows 
rapidly to Its nominal size and maintains this size 
as long as the environment of the flame remains 
cons tanc . 

3, Open Systems manifest regulating tendencies of the 
organisin to reestablish a steady state after being 
disturbed, A sudden draft will cause a flame to 
flicker, but the flame quickly regains Its normal 
characteristics once the vent 1 la c Ion of the room 
has been restored, 

4. Open Systems exhibit equiflnallty - a final state may 
be reached from different conditions and/or different 
ways. Hearn illustratea the concept of equlfinality 
by the case of two babies born at the same time, one 
of whom is prematures Che other full term: 

While at birth they will have been different 
in appearance and stage of development, with- 
in a very few weeks after birth they will 
probably have achieved a similar stage of 
development. What this seems to mean is 
that for e-wery species there is a typical 
or characteristic state; indeed, for every 
Individual within the species there Is a 
characteristic state which he, by nature, 
must strive to assume. It Is perhaps 
more accurate to say he has eharac terls tie 
states fcr each successive stage of develop- 
ment (1958, p, 45). 

Consistent with the postulate of equiflnallty Is 
that different initial conditions may lead to an 
equivalent characteristic state, 

>, Open Systems display a dynamic Interplay of sub- 
systems operating as a fruitful process whi*sh Is In 
part responsible for the maintenance of a str^pdy 
state. A change of some quantity Is a function of 
Che quantities of all elements, "The system, there- 
fore, behaves as a wholes the changes in every 
element depending on all others" (Ber talanf f y, 19S0b, 

Open Systems evince feedback processes » wherein the 
output is compared against desired performance and 
past behavior, which contribute to the maintenance 
of the steady stat^. 
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7* Open Systems dlspla=y progressiva aegregatlon * a 

process wherein systems divide into a. hlararchical 
order of subordinate systema^ It has been asaumed 
that the process of segregation la related to nega- 
tive entropy wherein the organism progresses to higher 
levels of order and differentiation^ Disorganisation 
(positive entropy) and organization (negative entropy) 
operate In a living organism during the entire course 
of life. 

In the early stages of life, organisation 
outruns de^organl^a tlon ^ mo that the 
organism becomes more and more dtfferantl- 
ated or 5 In other words ^ grows* With adult- 
hood, life continues, but growth slows to 
a s top ^ With old age de- organisation out- 
runs organisa t ion ^ and with death organic- 
nation termina tes and de-organi^atlon ^ re- 
suiting from the free play of entropy^ has 
full reign (Bray and Whiter 1954, p. 75). 

8, Open Systems also display progressive Integration, 
Higher order systems are continually being formed 
from the organisation of smaller systems into function^ 
al hierarchies united to cope with problems of greater 
compleKlty than can be handled by any of the sub= 
ordinate systems alone. This is a function of nega- 
tive entropy- 

2 

Concurrent and independent of Bertalanffy (1945 i 1949 
(trans, to English/ 1952) , 1950a &b, 1951, 1955, 1956, 
1962a & b) and other open system theorists who have pub- 
lished in The Society for the Advanc emen t of ' General 
Sys tems Theory since 1956 ^ and the Journal of Behavioral 
Science also founded in 1956, Holmes (1948 ,19537 1954 , 
I960, 1961a & b, 1963a & b, 1964a) and Holmes and Singer 
(1961, 1964, 1965) developed the Substrata-Factor Theory 
of Reading , 

The major hypothesla of the analysis to be described in 
this paper is that the Substrata-Factor Theory of Reading 
and Open Systems Theory are isomorphic to each other, 
i.e . 3 are structurally siintlar^ 

Brodbeclc points out that isomorphism requires two 
conditions: 

1, There must be a one-to-one correspondence^ 
between the elements of the model and the 
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has 1.3 rapltca a^nTvrce vris'a . 

preserved. For 

are similarly sit^af^dl^ Ah'^^'-^ replicas 
cons true eed ?o scale ^ "'""^'^ ^= 

may not 'Wrk" In th^ ""^^^ ""^y 

ehe original - it'd^Sr ^5*"?^^^* - 

m eetms of his theory" ^ s",m„ary which defines reading 

Theorf hllirthit""^ Substrata-Factor 

an audio- viLaJ'verbirnr'' """^'"^ " 
of symbolic reaso^f«i Processing skill 
interfacilftitf^ 2*' sustained by the 
arohy of substr^ °f intricate hlerJ 

been'^o^ll^^ed L a ''^-^ ^ 

tng system id pr Js^ri^^'°8"^^ 
accordance «lth rh» service in 

reader (1960. p. ''W^^^'^'^-'^^ of the 

Signifleance of Analysis 

The significance of chc F„n ■ 
"s attempt to show th2t thi fL^^^^"? ?nalysls; rests in 
laces of Che Substrata-Facto- Th -£^22 of the postu- 

ehe generalised form of the^5 Theory are identical with' 
have been dlscovSrSf °f ho^d fof^'S"' postulates that 
sciences. if this can be donf 1^ ?f? theories In other 
postulates of the Substrlta F^^^ "^hat the 

formulated ,to explain ch- ?"^ "'' theory which were 
reading; "iehout r^g^r^ to^SS^ °* ^ specific discipline 
formal criteria of fhrG^neSro "<^^"eheless , fit the ' 
aerated from other scienJSs iJ^''^" Systems Models as ab- 

Similar <:^^n^l^^^l^ 
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tl t I Vi "^^^ internally consistent. The presentation 

that follows xs an attempc to show how the Substrata- 
Factor Theory parallels General Open Systems Theory, 

In this paper, each of the General Open Systems 
Theory posculates Is stated. After each leneral postu- 
late a discussion relates the Substrata-Factor Theory In 
that area to the General Open Systems Theory. 

General Open Systems Theory Postulate I- Exchange 
of energy. Inform aClen, or matter with the envi ronment 
through input and autput channels. Tr.H^r^^ .-r ^„ ^f-rw-rn 
the individual and the environment Implies that the total 
variance of any response can be accounted for only In 
pare by individual differences. It depends alf..3 on the 
stimulus characteristics of the environment and the inter- 
action between the Individual and his milieu 



le total range of "outside" and "Inside" variables 
has an impact on the output of the individual's rchleve- 
ment. S. B. Sella (1963, pp. 9=13) has outlined some two 
hundred manageable variables that can be empirically 
measured. Sells' effort Is a first step toward the de- 
velopment of taxonomic dimensions to account for the total 
stimulus situation. 

The five major headings around which these two 
hundred variables are grouped Include natural aspects 
of the environment; man-made aspects of the environment • 
deacriptlon of task-problem, situation and setting- ex-' 
ternal referance characteristics of the individual; and 
individuals performing in relation to others. 

The Substrata-Factor Theory predicts that a child s 
achievement hierarchy, which would include many variables 
m each of the above five major headings, will undergo 
a gradient shift or orderly change as he progresses 
through school. As Che individual Inereaaes his proficiency 
in newly learned subskllls, the content and struc turalorgan- 
ization of the substrata factors in the hierarchy which 
underlie his developing ability to achieve will also change. 

General Open Systems Theory Postulate II- Maintenance 
of steady states. The concept of a steady state was proba- 
Diy first stated by Mareau de Maupercuis (1698-1759) In 
his Essal de Cosmologle (1750) In which he described the 
principle of least action. In biological terms Claude 
Bernard (1865) expressed Maupertuls ' principle as the 
maintenance of the internal envlronitient . Fechner (1873) , 
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in a practically -unknown monQgraphj descrlbas hia idaa of 
the steady atata as followai 



All development prograssas In the dtrectlon 
of an always more complete utilization of 
energy for stationary systems - maKlmum 
stability^ therefore^ always means maximum 
utilisation of energy (quoted In Menninger , 
Mayman, & Pruyser^ 1963^ p. 82), 

Cannon concalvad of homaostasis, wherein a phyalo= 
chemical constancy Is maintained^ such as the automatic 
regulation of body temperature^ the pH level of the blood, 
and the maintenance of osmotic pressure. 

In the field of readings the Subs trata-Fae tor Theory 
postulates a working system of subabllitiea which are 
directed coward the solution of a problem* 
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te problem organises the abilities ^ 
as the abllltiea detarmine what may be or- 
ganised* That is 3 the particular kind of 
problem requires a certain organisation of 
abilities s as the individual paaaeaalon of 
certain abilities limits what he may organise 
(Holmea, 1953, Ch . 32 , pp . 1- 2) . 

Neurological ly, a working system la conceived of by 
Holmea (1960, p- 117) as a narve^nat pattern In the brain 
that functionally links togathar the various subsystems 
that have been moblligad in a workable coipmun lea t ions 
superayatem, A first approKlmatlon of how this working 
system might be determined is at present statistically 
derived by a Wherry- Doolittle-Holmes Subs trata Analysis , 

On the basis of Holmes' eKtenslon of the steady- state 
principle to reading^ the Substrata-Factor Theory predicts 
that working systems would vary with the problem, the pur= 
pose, and the stage of psychoeducational neurological de^ 
velopment of the individual. 

General Open Systems Theory Postulate llli Self - 
regulating tendency- -reestablish a steady state after 
being dis turbed . 

. . ^ , The very eounteractlvlty which 
corrects the undesirable deviation often 
prcceeds In an oscillating fashion, Resto^ 
ration of the original state of equilibrium 
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Is not a very smooth process ^ but con^ 
slsts of a series of pulls and pushes^ 
like the swings of a pendulum ^ which 
gradually approximates the canter- of 
gravity position . The cor red tlve ac- 
tivity may overdo or underdo the job 
It is called to do; there tnay be an 
overshooting or undershooting of the 
mark while the corrective process is 
going on (Menntngerj Maymanj & Pruyser^ 
1963, pp. 87-88) . 

In terms of reading ^ the deviation of a working sys- 
tem from Its steady state may be manifest in the return 
sweep j numbers and pattern of fiKatlonSj regressions ^ and 
the duration of flKatlon* For Instance^ regressions have 
been studied most intensively by Bayle (1942) ^ who noted 
that causes of regressions may be found in the type of 
material and the difficulties the reader experiences In 
darlving meaning. Six intarpr a tation difficulties which 
affect the eye-^ movement patterns were identified by Bayle 
as word order; word grouping; misleading juxtaposlclon 
of certain words; lack of punctuation to make the meaning 
clear I shifts In the meaning of words; and the necessity 
for concentrating on key words or key elements In sentence 
units. 

The Substrata-Factor Theory holds that when the work- 
ing system is inappropriate for the reader's purpose 
(specific word attack In an otherwise easy passage) ^ the 
steady state will be disturbed, and the working system 
will make Internal adjustments In .an effort to solve the 
problem. Upon clar if Ication ^ the original working sys- 
tem will be restored* 

Several in teres ting que s t ions are raised by Mennlnger 
Mayman^ and Pruyser (1963) about the concept of self-- 
regulation and return to the steady state. 

Is there a complete return to the status 
quo ante? 

Is the process of dlsequlllbr latidn to 
aquillbr latipn a circular one? 
Are the mechanics of control the same at 
every level? 

Does it equally apply to parts and wholes^ 
to systems ^ subsys terns j and super sys terns ? 
Is there growth of self-rasulating action 
and decline of it? 
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Moat of the answers to thesa questloiis wouid Involve 
carafTjlly exacutad microscopic and macroscopic studies, 
but Che Subs trata- Factor Thaory would predletj as far as 
raadlng is concarnad^ a qualified negative answar to tha 
f ira t four , 

General Open Systems Theory Postulate IV: Egul ^ 
finality . Bartalanffy has pointed out that aqulflnality 
in Open Sysdem Models Is another of the characteristics 
which distinguish them from closed systems* 

In closed systems the final state la un- 
equivocally determined by tha initial 
conditions f for example , tha motion of a 
planetary system where the position of 
the planets at a time ^ are unequivocally 
determined by their poaltlon at a time t^. 
Or in a chemical equilibrium^ tha final 
concentrations of the reactants naturally 
depend on the Initial concentrations. If 
either the initial conditions or the pro- 
caas la altered^ the final state will also 
be changed. This is not so in open systems. 
Hera the same final state may be reached 
from differ ant Initial condlttona and In 
dif f arent ways , This Is what Is called 
equif tnality J and it has significant 
maanlng for the phenomena of bio log leal 
regulation . , , , The sea urchin can' 
davelop from a cor/ plate ovum^ from each 
half of a divided ovum^ or from a fusion 

product of two whole ova. The samnle 

_ _ _ & 

applies to embryos of many othor species ^ 
Including man, where Identical twins are 
the product of the splitting of one ovum 
(1955, p. 77) . 

The Subs trata-Faetor Theory state- that dlfferenc 
individuals <or the same Individual at different times) 
.may perform the same task to an equal degree of success 
by drawing upon dlfferenc sets of abilities. This hy- 
pothesis was substantiated for powee of reading based on 
a comparative substrata analysis of the working systems of 
boys and girls at the high school level (Holmes & Singer, 
1961) , 

General Open Systems Theory Postulate ^; Dynamic 
Interplay of the subsyatema . The dynamic Interplay of 
subsystems Is well described by Menninger, Mayman* and 
Pruyser (1963): 
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A hierarchy of levels can be recogniEed, 
each with its own rnoda and meana of 
homeostatic regulation^ Intarrelatad by 
an ovar-all homeoacatic tandency (p. 65), 

Five specific interactions of the various subsystams 
are indicated by Luby (1962) i a receptor system for ex^ 
ternal stimuli; a recaptor aystem for internal stimuli 
including thoHe from muscles. Joints, and viscera; a 
system for filtering the diverse sensory Input and 
integrating and Interpreting it; an effector system in- 
volving autonomic and volitional motor acts* a chemical, 
energy production system necessary for the adaquata 
evocation of reactions in each of the separata systems 
mentioned* 

The Substrata-Factor Theory postulates that the 
various substrata factors are tied together in a working 
system! and as their interfacllltatlon in the working 
system InGraases, the efficiency of the child ■ s reading 
also improves » Such diverse substrata factors initially 
become associated in a particular working system by tha 
psychp^catalytic action of moblli^ers--hypothetlcal con^ 
structs which are deep-seated value systems (Holmes^ 
1959) . 

General Open Systems Theory Postulate VI i Feedbaak 
procees \. The feedback concept has bean highlighted by 
cybernetics in terms of servomechanlsmSj 1 ^ e > ^ soma device 
that controls some vartabla In a speclai way by comparing 
its actual value with a das Ired reference value* 

Racantlyj Fender (1964) , a professor of biology and 
electrical englneerlngp has described the human body as 
a collection of eervomeehanlsms . Paedback critical sys- 
tems regulate such functions as body temperature^ consti- 
tution of body fluids^ the flow of blood to the organs 
and extremities^ and the rate of breathing to the level 
of physical activity. 

Fender did an Intensive microscopic analysis of the 
control mechanism of the eye and found that the microscoplQ 
structure of the retina Is similar to that of the brain* 
In fact^ he notas^ the retina Is part of the brain that 
becama detached In the course of avolution (1964 ^ p, 32)* 

The implication of Fender 's systems analyses of the 
eye enhances the Idea chat the retina contains not only 
light^sanaittve rods and cones but also bipolar cellSp 
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amacr Ine ceils^ and ganglia which may equip it Co process 
eome Information in ite own fight* The ayes are not 
merely a refleo tor of higher mental process or a mechanleal 
eamara^ (Saa also Granit^ 1955.) 

The Suba trata^Factor Theory poetulatea a epntinuous 
monitoring of the meaningful material in order for mobl^ 
lizars to effect the succeasiva compansationa necesaary 
within the working systems as thay fluotuata around their 
hypothetieal eteiidy statas. 

General Open Systems Theory Postulate VII: Progress " . 
Ive segregaclon and hlararQhical ordar^ of subsystams ^ This 
postulate is very similar to the organlsmla^holistlc orlen^ 
tatlon of Werner and Kaplan who assiunie*^ . , that organisms 
are naturally directed towards a series of transformations-- 
raflaetlng a tandancy to move from a state of relative 
globallty and undlf f erentlatedness towards states of in- 
creasing differentiation and hlerarehlc Integration** (1963^ 
p. 7). 

Further J Werner and Kaplan maintain that, with the 
abtalnmant of higher levels ^ lower- level functions are not 
lost but under normal clraumstaneas subordinated to mora 
advanced levels of functioning. Under special conditions ^ 
such as dream statas^ pathological states , intOKlcation^ 
drugged states^ various experimental conditions or con- 
frontation with aspeclally difficult and novel tasks a 
partial return to more primitive modes of functioning be- 
fore progressing towards higher^ level Qperations may be 
evldaneadp This tendency has been dascrlbad by Warner 
(1948) as the genetic principle of splrallty. 

The Subs trata-FaQtor Theory postulates the gradient 
shift In perceptual-bonceptual differentiation within 
and between klnes the tic* auditory and visual modes of 
learnings There is continual Interaction between the 
whole and its parts « As the parts become more dlffaranti- 
ated and meaningful | so does the wholes and as the wholt^ 
becomes more meaningful ^ so do its parts (Holmes^ 1953| 
Ch. 32, p. 7) . 

What constitutes part and whole la a parannlal scien^ 
tlflo problem continually being analysed by the nature 
of aelentlfla raducttlon. In any acientlfle observation 
what is taken 'as the whole and what, as the parts? The 
history of science indicates that the answers to this 
question are IneHtrlcably bound up with the peraonal 
preference of the eKperlmentallst ^ his cbncepts of aau« 
aallty^ the culture he belongs to^ the Zeitgeist of the 
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times he Uvea In^ and tha nature of the material or 
axpar±merit , 

Gatieral Open Systems Theory Postulate Villi Pro- 
gressiva IntesrmtlQn . Postulate VIII develops from 
Pos t^rta^te VII I with the continued organisation of smaller 
subsystems into functional hlararchles , a more Integrative 
supersystem also emerges. 

Each of the cons tltuent subprocesaea must be thought 
of as integral parts of the whole that work together and 
contribute proportionately to its total in each and every 
altuatlon in which the aupersystem worka * 

By additive procasses ^ series-combinations 
of suitable ays terns p interlaced with parallel- 
combinations as deairedj may be constructed 
into larger and larger aya terns * Thus, hier- 
archies of subsystems may be developed: sub-- 
aystem of subsystem of subsystem, etc, (Ellis 
& Ludwlg^ 1962^ p. 11). 

Millerj Galanter, and Pribram come to grl^a with 
the superayatem subsystem relationships aa f ©llows i 

The implication la relatively clear ^ however, 
that the molar units must be composed of 
molecular unlta^ which we take to mean that 
a proper deacrlptipn of behavior must be 
made on all levels simultaneously. That is 
to ^ay, we are trying to deacrlbe a process 
that is organised on several different levels ^ 
and the pattern of URlts at one level can be 
Indicated only by giving the units at the 
next higher^ or more molar , level of descrip- 
tion . 

For eicamplet the molar pattern of behav- 
ior X consists of two parts, A and B in that 
order. Thus, X ^ AB . But A, In turn ^ con- 
eista of two parts , a and b ; and B consists 
of three, c^ d, and e. Thus X ^ AB ^ abede^ 
and we can describe the same segment of. be- 
havior at any on© of the tht#« levels , The 
point, however^ Is that we do not want to 
pick one level and argue that it Is somehow 
better than the othera| the complete descrip- 
tion must inolude all levels* Otherwise^ 
the comparative proper ties of the behavior 
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will be iost--if we state only abede, 
for example, the <ab) (ede> may be- 
come confus ed with (abc) (de) , which 
may be a very different thtng. 

This kind of organization of be* 
havior 1§ most obvious, no doubt, in 
human verbal behavior . The individual 
phenomena are organized into morphemes s 
morphones are strung together to form 
phrases I phrases in the proper sequence 
form a sentence, and a string of sentences 
makes up an utterance. The compiete des- 
crtption of the utterance involves all 
these levels. The kind of ambiguity that 
results when all levels are not teiown is 
suggested by the sentence, "They are fly- 
ing planes*" The sequence of phonemes 
may remain unchanged, but the two analyses 
(They) (are flying) (planes) and (They) 
(are) (flying planes) are very different 
utterances (I960, pp. 13-14). 

Holmes utilizes the concept of subs trata. factors 
which is a dynamic set of subsystems continually being 
organized and reorganized in the brain depending on the 
task confronting the organism. Neurologically , substrata 
factors are 

, . . neurological subsystems of brain 
coll-assemblies , containing various 
kinds of Information such as memories 
for Bhapea, sounds, and meanings of 
words and word parts, as well as 
memories for vicarious and eKper lent ial 
material , concep tualizattons , and meanings 
ful relationships stored as substantive 
verbal units in phrases , idioms , sentences , 
etc. Such neurologieal subsystems of 
brain cell-assemblies gain an inter- 
facilitation, in Hebb*s sense (Hebb, D.O. 
■ The Oreanizatlon of Behavior ^ New Yorki 
John Wiley & Sons, 1949 J pV 333), by 

firing In phase. By this mea»a, appro-^ 
prlate, but diverse subsets of information, 
learned under different circumstances at 
different times and , therefore , stored 
in different parts of the brain are 
brought simultaneously Into awareness 
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when triggered by appropriate symbols 
on the printed page. These substrata 
factors are tied together in a worklng- 
nd as their Interf acllitation 
the working- system Increases 
efficiency of the child's 
increases (I960, p. 116) 



sys tern, 
in 



rea 



the 
g also 




sat ion. 



assiimption of multlcausa 11 1 



ory depend 
or reciprocal cau- 



McEwen (1963, p. 337) 
as the reversibility of 

b^Lli-x '^t^J:^J^-- reciprocal l„«„e„ce 

determine each other. 



refers to reciprocal causation 
cause-effect relations. Physical 

. but 

situations often mutually 



tr«S^r?L^°-*^ can reverse with so, 



Of 



ma degree 
He 



Does the kind of edu. 
standard of intelll 



ication acQOunt for the 
, igence in a eomftunlty^ 

le, but does not the standard 

gence account for the standard 
(1942, p, 68) . 



of intelli- 
of education? 



cultural data too "clumsy and perplexing?" 
w.-»usfrfL'^.e%S^%%1\^^^ 

""^iS^ons that represents "the cause of an 
or"ef4et"^?*'= «hat we ™y abstract as ^""use" 
ar^l^ Z K *" * complex situation is usually 
we L?°c? f^='='"^' '"^gnitude. etc., thjt 

we select from a more complex (and oosslblv lt> 
exhaustible) welter of faLual deta^L'aWsf" 
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satlon°?ogit"r^„lt;;^%f°L^ "functional theory of c.u- 

* wicn all the apparatus of st^ ^4 ^t-^ 

eonslda.ed... Only ^L^^^stl ^^hj^^-^' 
explanation of the correlations found!" 

.od^l^^^^tlnrthf I^SIt?2tl?P^^ a.a.iatical 
reciprocal causation postulate |t°tist? fT*"*P-^ ^^'^ 
strata analysis cona is ts «f H«i™ f '^°*^ ^ ^"J^- 

Wharry-DoolLtle MultIpL lelaot^^^ 

substrata analysis P^-e ^^eiection Technique. The W-D-H 



Ca) yields successive sets of subvar iables . 

gives each set a definite place in a 
complex hierarchy of subabilitles , and 
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<c) dlseoyara statistically significant 
contributions which each of the sub- 
abilities in the hierarchy makes to 
the criteria imnedlately above it 
in^ the over-all hierarchy of skills 

and also to the major criterion It- 
self . 

sldJatlon o„ly"h« " o^ Y reS^esinr^'H'"''" into =on- 
Substr«a=Facto. Theory pLtufltll re^lpr^^^l'.r^^^'^i^^" 

th^ 7S9rd?f?tal'°"' f->-h analyse. Cn the SSs^ln'^of 
sis the aofu^? program for a substrata fnaly. 

direction s?L; ^^^''' S° have been In only oL 

Inferred from e?^., ? ^r** ^^^^^^ cannot be directly 

l:^^^^^'"'^^ ^He baslf%=n^^L°t%^tlL\^^" 

norma?"lnrf?„?H''^f hand all knowledge possessed by a 
ln^eidu'2?"^u%'rb'e^L't?v'e\raL%^?;?Sr or" YS"^^" sa.e 

T*"® degree to which they are associated 

corl^alrisf^ J^rie"^"""?"?" "'^ the c.^ffffJI^^^^f 
auhsel«^i'=^^ • "^'^^s correlations cannot in nny way 
substantiate reciprocal causa and affect relahlo„rf,i„ = 

the co"elatlonal analysis , can and do^rs^e^n^estii^lie 
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Fig.L Schematfe Diagram with generalized notation of a substrata analysli through 
three levals. 



I or criterion Cq Is undArgirded by substrata factors Pqj PQg ^Om 

Each of these rest on a wider base at Level II. Likewlsepat Level III the base Is 
even broader. Pq^^^^ ^Om ♦ermjnology Is used to tndlnote an fdentity, except that 
what was eonsldered a predictor Is In turn GOnsidered a subcriterion. 

Fromi Holmes, J. A*, a Singer, H, The sybstrata^ factor thaoryi substrata 
factor differences underlying reading obMlty in known- groups at the high school 
level, U.S, Office of Education Contracts 538, SAE- 8176 and SSBA, SAE-Beso* 
1961, 59. 
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of tha reciprocal intaractions that may be going on among 
the variables. 

In addition to hiararchlcal organization of aub- 
systema' reciprocal causation is a need to raformulata the 
dependant-independent variable nexus. The dependent vari- 
able is <a) the reaponse or criterion; and/or (b) the 
e^bol whose values are daterralned by the other variables 
linked with It in an algebraic aquation. The Independent 
variable Is (a) any variable which Is not the criterion 
varlabla I and/or(b) the variable which is not dependent 
upon changes In any other variable * 

However^ in educational psychology there la no such 
thing ae an absolutely Independent variable. The "Inde- 
pendent'' variables usually identified with environmental 
conditions or personal characterlatlcs are reciprocally 
dependent and pftan statistically related^ 

The fundamental relation of all variables may be 
eKpressed in the form Y ^ f(X), which reads "Y la a 
function of X", and means that Y changes in a way to be 
discovered and/or stated whenever X chanses (English & 
English, 1958, p, 578), 

The question of when a variable should be regarded 
as an independent or "causal" variable and when aa the 
dependant or ^'resultant" variable is ^ in the final analysis^ 
left to the judgment of the experimenter. (Eneklel & Fox, 
1959) . 

The choice of the metaphors used by General Open 
Systams Theory and the Subs trata-Factor Theory for this 
Investigation has been guided by the following character- 
istics of human beings which Hearn (1958) outlined so well: 

1, Huiuane exchange material with their envlronmentj 
In the form of both energy and Information* 

2^ This energy may arise either from within the 
system or from the environment of the system. 

3# Hmnan behavior is purposlva. 

4. Whan considered both as individuals and as 
species ^ humans have a characteristic state 
toward which they move, 
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5* HxAmans may achieve thalr same chmracteris tic 
atafca from different initial conditions and 
from varying Inputs pf energy and information, 

6. In the human Individual as wall as In human 
aggregations such as groups and cpnTOunitlas, 
there la a djmamlc intarplay among their 
essential functional prpceiiees enabling them 
to maintain a ataady etate^ 

7^ There is a tendency in human systems toward 
progressive mechanization | that ts, in the 
course o£ himan devalopment, certain huc^n 
processes tend to pperat® more and more as 
£lKed arrangemtinte . 

8, Hinian systems show a resistance to any disrupt- 
ion of their steady state. 

9* They are capable, within limits^ pf adjusting 
to internal and extarnal changes^ 

10* They can regenerate dmmaged parts » 

ll. They can reproduce their owi kind* 

, Part II 

The empirieal aspects of this study are related to a 
systems analysis as defined by Peach (1960) and Ryans 
(1964) : 

By Systems study or systems, analysis will 
be meant observation directed at the da- 
tarminatipn of relevant element e of a sys- 
tem and their operations and Interactions 
as they contribute to the relative efficiency 
with which the system outcome is produced^ 
It will be necessary to Identify and ana- 
lyze proper ties and subsystems in order to 
determine chains of Influence which con- 
tribute to activities and elementSp and 
it will be necessary to put these pieces 
together and to syntheslise the Information 
to describe the larger systems In which 
our interests may be focused (Ryansy 1964, 
p. 23). 
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Spaaif iaallyj iPart 11 ±m concerned with detarmining 
the anawers to thle problems When each of tha contant - 
areas are in turn ueed as critarlon taska^ how do the 
remaining contant area subaystams relate to the partiau- 
lar subjeet matter under cons Iderat Ion? To what degree 
does aaeh of the content araaa co-vary with the rest of 
the indapeflderkt variables? 

It Is hypothayiz^d that working syatem hierarchies for 
each of tha eon tent areas will manifest quantitative and 
qualitative dlf f €fri!n cas in the organization sequences as 
well as magnitudes of tha various subsystems * 

The Substrata Analysis Method 

The statistical method used to infer working -systeme 
is a substrata analysis^ an extandad form of the Wherry- 
Doolittla .Multiple Test Salactioh Technique. Pftierry 
(I93I5 1940a & b^ X947) and Stead and Shartle (1940) 
modified the Doollttle least squares tachniqua C1878> so 
that the variables salacted would ba only those which 
were most Independent of thosa already chosen and would ^ 
therefore^ tend to make a maKlmim cpntr ibution to the 
fflultlpla prediction of a criterion. The selaotton procass 
stops whan more ohanee error than pradlctlva variance 
would hava been contributed by the selection of another 
predictor* 

Holmes' (1948) axtensiong the subs trata analys Is ^ 
rapaats the Wherry- Doollttla procedures using each pre- 
dictor as a subaritarlon. The preferential predictor 
salectad at each level becomes in turn a subcr iter ion at 
a subsaquant laval to ba analysed by predictors selectad 
from the remaindar of tha correlation matrix , Reiteration 
at present eKtands to thraa levels, 

Consl?itent with the second major purpose of the study 
which forms the basis of this paper, nine substrata analy- 
ses took each content area as a criterion in order to 
detarmlna what proportion of intra Individual varlanca Is 
accQuntad for by the remaining contant area subsystems. 
Two of the nine areas analysed. Power of Reading and 
Vocabulary in Isolation^ are presanted here. 
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Table 1 



XnCercQrrelatlonp, Means ^ and Scandaifd Davlattions of 
CsnCen£ Armmm for Subsyateoi Xnceifaeelen Analysis 

(N * 120)^ 



No 


. Varlablea^ 1 

- - 


2 


3 


4 


5 


6 


7 


s 


IndaK 
9 of 

rellab^ 


1 


Priw^i^ rt^ ^*^g 


.823 


*693 


-718 


.576 


.695 


*663 


.486 


.548 


.93 


2 


Vooab. In Isol. 




*734 


.795 


.713 


.664 


.679 


.367 


.499 


* 95 


3 


Ganaral Info.^ 






.720 


.587 


.721 


.697 


.357 


.501 


.87 


4 


Ingllsh Llt^ 








.565 


-691 


,649 


.312 


.465 


.90 




F a ithti a f 










- 3 I J. 




o O r\ 


.371 


.90 


6 


Geography 












,769 


.296 


.441 


.93 


7 


His Cpry^Ctvles 














-311 


.450 


.84 


8 


















.586 


.91 


9 




















,95 




Mean 101.01 
Std* Dev, 11.59 


99.72 


13.28 
4.07 


95.49 
13,15 


95, 
16. 


37 89. 
50 19. 


34 85 
74 15 


*65 
.32 


91.97 
12.35 


90,99 
19.32 



OQ^felaelona mueC be .24 to be aignlflcant at th^ 1% laval of aonfldanca. 

^Basad on Stanford Aehlevetnent Taaca acblnlatered In AdslesoenC OrowCh 
Seudy aa part of longlcudlnal analyias at Xnatituta of Human DevalopmenC, Uni" 
vefgi^y a£ California^ Bar kalay , iaa i JoneSp 1938g 1939a 6t b, 1958, Ta^te ra^ 
namad fo^ ChacTraClcal conais tanay . 

^ J ■ ■ ' ■ ■ _ 

The Index of rallablllty glvas che maKlrawi aarselaCion poasibla batrwaan 
tha obcalned aQorea and thalf thaoFa£taally £ifue a^s^as^ 8aar Garratt^ 1958 ^ 
p. 349. 

^A subCear from tha Tarsan Group Taat of Hantal Ability. 
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Working System Hierarchy of Power of Reading 

An eKamlnation of the correlation matrix In Table 1 
reveals that Vocabulary in Isolation has the highast garo- 
order correlation with the criterion Power of Reading 
(r^ .823). Therefore, Vocabulary in Isolation will be 
selected as the first predictor teat by the Wherry- 
Doollttle Test Selection Method. Since r^ in this in- 
stance equals ,6773^ Vocabulary in Isolation cannot ac- 
count for more than 67-73 per cent of the criterlon'a 
variance. However^ 67*73 par cent naads to be corrected 
In tarma of the other predictors which the method selects 
as well as the bias which arises from chance factors 
charac tarts tic of sampling and selection techniquas. 

Specif Ically, when the contributions of all the 
selected predictors to crltarlon variance are computed. 
Vocabulary in Isolation will account for less of that 
variance than the value of r2^ This Is due to the calcu- 
lation of the beta weighta for this particular predictor 
In addition to the other varlablas which make Independent 
contributions to the variance of the criterion. These 
variables will take from the Vocabulary In Isolation sub- 
aya Cam some of the variance which this --most valid" pre- 
dictor appears to Have contrlbutad to the Power of Reading 
crltarlon by being selected as the first test* In terms 
of the Substrata-Factor Theory the . . Inmedlata pifob- 

1am la to discover which of the other variables In the 
matrix will be selected along .with (Vocabulary In Iso- 
lation) as those variables at Level I which can be thought 
as having a direct and Joint influence" (Holmes and Singer^ 
1961^ p, 81) In the variation of ninth grade students- 
scores In Power of Reading. After Leval I pradictofs 
have baen aalacted, the next step is to use these pf s- 
dlctors as aubcrlterla and determine what praf eraTttlal 
predictors under lie these at Level i;^, 

A pictorial display of the Interaction among the 
various subj act- matter subsystems In the working ayatem 
of Power of Reading is praaented In Figure 2* The major 
criterion. Power of Readings Is placed on the left under 
Level 0, Arrayed from left to right are the aubj act- 
matter subsystems selected by the subs trata analysis » 
The path of the ragrasslon ralatlonahlpa batwaan subsys- 
tems Is indicated by unldlrec tional arrows. Mutual Inter- 
action representing Iritaractlon squally assigned in both 
dlreetiona la shown by double-ended arrows. The numbers 
adjacent to the unldlrec tional and bidirectional arrows 
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Level O 



Leva! I 



Lc^vul II 



Levil III 



Power of ^ 6,32 
Readfng 




English 
Llteratura 




Vaeab, in 10.90 
isoldtfon 






Grammar 




2(4, OS) 



Qaneral 
fnformotien 



ir.76 S 




Geography^ 



2(1.37) 




History- 
Civics 




7 t 



Qenerat 
Informotjan 




2(3*80) 



English 
Literature 




AHthmetie ^ 35.80 Afithmetje ^ 24.44 



Reaiontng 



Fundamentdts 



Gmn% Info, 

1 2(1 1,78) 
Geography 

Gan*l- Info* 

J2(7.74> 
English Lit 



Qeography 
^ J 2(8.97) 

English Lit^ 

J 2(3.79) 
'Grammar 



Qen'lJnfo. 

t2(IL30) 
VoQ. In IsqL 



Voa.in Isol. 

|2C6,30) 
Hisl-Clvies 

^ lacass) 

English Lit 



Voc. in IsoK 

J 2(12.44) 
Gen'i. Info. 



Gen'L Infa 



Fig, 2. Sehema showing^intaraatjon among iubjeot matter 
working system of Rowar of Reodrngi figuras represant odjusted proportional 
varianoe as per cent. 
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Indieata the relative atrenftth of t-h. • . 

counted fo. by aaeh 3ubJeet^ttL'^UsySt^?"°\-- 



Reading at the ninth-lrad^? to variance in Power of ' 
as followsf "^"C*^ S«de l«vel can be read from iFig . 2 

Beginning with Power of 





One 
a 
1 

content areas la 47 slr bv v„?!S '^'^^ ''^ ^a^h <>' the 

by Geo6«phy. and 8 if% by 1" Isolation. 17.38% 

furring to Figure 2 one cL Jee^hat 

— — ^ ISalacipn can ba 

Direct variance to Power nr b= 
Shared variance wl.h GeJgrfpS""*"* " " " ' 
Sh„.d variance with Arlthftjasini^g; .- J 

Shared Varianc, .47 
■SS2S££Eh2 «a be analyzed tnco *7.55 

K ;a^^^"e%^ 

Shared variance „tth AriS.' °" 9 69 

A.^.H Direct plu^ Shared Variance 

^^^^^^ ^SS^SEinfi can be b.«,.„ 

vJ?J.™: ^^^'^t^r- • • ^ ■ = ^ . . 3.40 

Shared variance with Gelgraphy ■ .... 4. 14 

^ P"^* ....... 1.37 

Direct plus Shared Variance 

Total contribution to Po„,, ^f ^^^^^^ 

l-tio^^f Ihe^^LfLarfor*^^ Vocabulary in iso- 

and General infar^atiln'l"-^ Gran^ar. 
in Isolation 's variance mS,^ 74.77% of Voeabularv 

|he^aubariterlon. two'lubayl^^^ 

Gaosraphy, aeoount for 57 Information and 

ance. The other branches 'of i-h ^"f^^^*' Literature's varl- 
aan be raad in ^ Bi^'^^^ ^^^^^^ ^he^ In Pigurri' 
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Summary of Substifata Analyals of Power of Reading 



Power of Reading la a Gomplex sup cmmyB tern dapenden t 
upon tntarralat lonahipa of various sub J ac t-ma tter sub- 
Systems. Vocabulary in Isolation accounts for nearly half 
of the variance which creates Individual dlf f erencas in 
Power of Raadlng at tha ninth- grade level. Geography and 
Arltlmietic Reasoning^ functioning either directly or In- 
directly^ account for another 25% of the variance in 
Power of Reading. Not accounted for and probably Intrinsic 
to Power of Reading or nctt meaaured in this study ^ Is 
approximately 24% of the variance in Power of Reading. 
The remaining aub ject-m^tter subaysterna are systems with- 
in Systems^ and the substrata analyala reveals the extent 
to which these subsystems Interact with each other as well 
as the major criterions Power of Reading. 

Working System Hiefarchy of Vocabulary In Isolation 

The substrata analysis of Vocabulary in Isolation 
will provide Information about the hierarchical organt- 
sation of this suprasystem. Although Vocabulary In Iso- 
lation and Power of Reading correlate .8226 with each 
other, the major concern is with the subs true tural re- 
lationships underlying each of these complex sub j act ~ 
matter areas ^ While it is expeeted that there will be 
much overlap between Vocabulary In Isolation and Power 
of Raadlng 5 it is also antlaipatad that the substrata 
analysis will reveal constellations of subsystems which 
will show quantitative and qualitative diffaranGes in 
interaction among the various subsya terns . 

Level I: Subatrata Analysis of Vocabulary in Iso - 
lation ^ The correlation matrix^ Ta_ble 1 ^ was submitted 
to the W-D-H Teat Selection Ma thoB in order to detarmine 
the primary subsystems which underlie the ability to do 
well in a Vocabulary in Isolation test appropriate to 
the Junior high school level. 

Table 2, eectlon A, prasents the direct and shared 
variance among the subsystems selected to predict the 
criterion. Vocabulary in Isolation, Wtimn the beta weights 
are combined with the ^ero-order correlations , correctad 
for chance fluctuations according to tha shrinkage formu- 
la and multiplied by 100, it Is found that three subject- 
macter areas account for 80.77% of tha variance of Vo- 
cabulary in Isolation and break down in the following 
manner : 
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(1) Power of Reading contributes 34.35%, 

(2) English literature account for 26.45%, and 

(3) Gifammar explains 19 07^ t-u^ 

1 0,3.^//^ of the variance. 

Engllih ilteratuJe'lnd Tr^lt variance which 

Po.er of Reading l/about^^^Ii^^r thi"d-"'="^ 
OS these aobsystema with Volabularv ?^ direct association 
reasonable to Infer thai- m Isolation. It Is 

■oatter systems ?n ltse?l i^ n ^ ""$2- ^" '^''^^^ subject- 
attainment o£ hlBh afhiL» "°^.^""l-=tent basts for the 
relationships amfng the suh?^^'•" Vocabulary 1„ Isolation 
hance Performance In ^^o^a^-^il^r^rL^lI^L^r 



Level II 



1.^4^;^ ; ^-r;.,^^f"^^^a Analysis of Voc«h..1 .v^ . 

strata" analysis Tt «1 "tatlstleal model of the sub- 
subject-matter ve^lablerundSJfi" "S^^ subsystem, of 

just reported for Power of l^lii ^^S** °^ '^'"^ Predictors 
and Grammar? Reading, Englijh Literature, 

made Il^eSf"^Voca'lu?:;r^r^,^ ^"^""^^ analysts was 
correlation matrix ?^"^bS J a^d^!?/''?'" ^'"^ ^ero-order 

predictors for VocabulSri^lso?lt?on T^g °^ 
enter loi) for a I.e™i tt . i: -isolation to become a sub- 
remaining vaJlablir II- substrata analysts on all the 

Table 2, Section B nvmst-nt-m t-i, 
latlonshlp of the v^^i^>^t^ r«gr«ssion re- 

lucted to^rfdlct ^he °ulc;it''^?''™*"*^^"^^y^tem. aa^ 

previous analysis of VoeabuLJv ? ? "^^^ *® the 

Threa content areas, E^tlah JLiLJ*^^^-^^" ^•^^l I- 
Reasoning, and Geofiran^ literature, Aritlane tic 

The thref 'pradic?IK"S??ectinndtf"t ^^^^^-S' 
than half of the variancj ±s^« chat a bit more 

Reading. The remliSdJr |f by Power of 

among the content ar«ls. variance Is distributed 

latlo^^?a'ln|lLhtl?e^atu?r^ - 
subcriterlonf General lnfo™«^?"^ "^^^ as a 

account for 60.41% 11 tS-Sf^*-i°" Po'^^^ of Reading 

English Lltaraturi, filch ol lh«^"^ ^'^""^ variance of 
for about an equal amount of thi^ subsystems accounts 
29.88%, respeclivaly lance, or 30.53% and 
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Table 2 



Subotraca Anslysis of Vocabulary tn Iiolatton- -Subayg eem ±n che Order 
Selaated and the Accounted^ fot Portion of Vaflanqe Diife^tly 
Assoalaced With, and Shared Among * the Subsystenie at Levela I, 11, HI 

(N^ 120) 



cntarlon 


Subly^ tern 


Corral . 




AdJ . Prop . Vi 


ir lance 


(as per cent) 






Beta 


Direce 






Shared 










toi 








from 1 






Section 


A 










Level O 


L^ev^ 1 I _ 






Vpe*I 


Power 




Gram. 


Total 




Pwr. of Rdg^ 


.8226 


.42 


17.54 


0.00 




6.78 


34.35 




English LIE. 


, 7952 


.33 


11. 13 


10.03 


0.00 


5.29 


26,45 




Gramniar 


,7129 


*2a 


7.90 


6.78 


5.29 


0.00 


19.97 




Variance aocaunted fori 




36.57 


16-81 




12.07 


80,77 






Section 


B 












From VoQabulary in 


Isolacion at Level 0 


COI 






l.#vml I 


Level 11 






Pow#r 


Lie, 


A. Rag 


Geog. 


Total 




English Lie. 


• 7177 


.40 


15,90 


0.00 




9-31 


28.41 




Arith. Rang. 


.4855 




6.65 


3,20 


n nfi 


2,58 


12.43 




Geography 


,6947 


.34 


11.43 


9.31 


2.58 


0.00 


23.32 




VarianQa aocaunted fori 




33.98 


12.51 


5.78 


11 - 89 


64.16 


Lave 1 I 


Lavel II 






Lit. 


G,Inf 


Powar 




Total 




Gmn'l Info. 


*7201 


.43 


ia.i7 


0.00 


12,36 






English Llt^ 




.7177 


.42 


17,52 


12.36 


0.00 




29.se 




Variance acQountsd for; 




35.69 


12.36 


12.36 




60,41 


Level I 


Level IX 






Gram. 


G. Inf 


Power 




Total 




G^n'l Infe. 


.5869 


.36 


12.67 


0.00 


7.95 








Pwr. of PHg. 


.57&5 


.33 


10.40 


7.95 


0.00 




18.35 




Variance acasuntad for: 




23.07 


7.95 


7.95 




38.97 






iao tion 


C 










FroBi Veegb. In leol. 


through 


pQwei? 


o f Read ing a t 


Level I 


tot 




Level II 


Level III 






Lit. 


a.Inf . 


Geo^, 




Total 




Gan'l Infa. 


.7201 


.46 


21. 06 


0,00 


11.78 




32.84 


Engllah Llc« 


Oeography 


.6912 


.36 


12,69 


11,78 


0.00 




24.47 




Variance accounted for^ 




33.75 


11.78 


11.78 




57.31 


Level II 


Level III 






A.Re^ 


A. Fun 






Total 


Arieh, Rsng^ 


Arith- Fund. 


.5861 


.59 


33,80 


0.00 






33.80 




Variance , accoynted for : 




33.80 








33,80 




(Tabl 


e son^lnued on 


fieict page) 
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Tab la 2 (Gon^inuad) 



Criterion 


Subays t.mm 


Gprrel . 




Adi. Prpp^ VsE-lanGa (i 


pmw . 








w/erit* 


Beta 


Dlreo t 




Sharad 










toi 




f romi 




Laval II 


Laval III 






Gm0&. 


Hs-Cv G . Inf - 


Lit. 


To t a L_ 




Htst.-Glvici 


. 7693 


.46 


20.63 


0.00 7.69 


6.41 


34.73 


Geography 


Gan*l Info. 


.7205 


.24 


5*90 


7*69 0*00 


3* SO 


17.39 




English Lie. 


-6912 




4,72 


6,41 3,80 


0,00 


14,93 




V^rlanse aooounc^d fori 




31.25 


14.10 11.49 


10.21 


67-05 


From 


Vooab > In Xsol 


. through 


English Literature at liaval 


I toi 






Level III 






G.Inf . 


Gaos. Fowar 


Gram. 


ToCal 




GaDgraphy 


.7205 


.42 


17.15 


0,00 a. 00 


4,45 


29.60 


aen'l Info. 


FwE. of Rdg^ 


.6925 


.28 


7.74 


8.O0 0.00 


3/37 


19. li 






.5869 


.21 


4.41 


4,45 3.37 


0*00 


12. 23 



Varlanea aQeounCad fori 29,30 12^45 11.37 7.32 60.94 



Lavel II Laval III Pwae Oaog. A. Rag G.Inf Gram.Tocal 

Geography *6947 .35 12*24 0*00 2*49 6*05 3.29 24*07 

Arifch. Rans. ,4855 * 24 5,77 2*49 0*00 2.06 1,24 11*56 

Fwr* of Rdg* Gan'l Info. ,6925 .24 5,76 6,05 2,06 0.00 2,59 16.46 

GranAar .5765 .19 3*38 3,29 1.24 2*59 0,00 10.50 

Variance aeeeunMd for* 27,15 11. S3 5.79 10*70 7*12 62.59 

Fgom VoGab , In Isol. through Gra^Mr at Laval I tol 
lival II Leva! Ill G.lfi£. Oaog, Lie, Ha-Gv Total 



Gaography .7205 ,28 7.54 O,O0 6,98 5*12 19.64 

Gen '1 Info. Engllgh Lit. -7201 ,37 13.52 6*98 0*O0 5*78 26*28 

Hlat*=Clvics .6974 .24 5*87 5*12 5*7S 0*00 16*77 

Varlanca aocountad fort 26,93 12,10 12,76 10*90 62*69 



Level II Level III Power Lit. A.Rgg G^og, Total 

English Lit. .7177 .40 15^90 0*00 3*20 9*31 28*41 

Pwr. of Rdg. Artth. Rang, .4855 ,26 6.65 3.20 0.00 2*58 12*43 

Geography * 6947 ,34 11.43 9^31 2,58 0,00 23.32 

Varlanoa aoeounead fori 33.98 12*51 5,78 11*89 64*16 
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The third-sub j act mattar system which pradteta Vo- 
cabulary in IsolatioTi is Grammmif , A aubstrata analysis 
of Grammar reveals that General Information and Power 
of Reading account for 38.97% of tha dlract and shared 
variance* Three fifths of the varlanea is acGOunted for 
by the two aubsys terns In dlract association with Grammar* 
The remaining variance Is shared between General Infor^ 
matipn and Vocabulary in Isolation. Most of the varl-* 
anca^ 61^03%, ramaina to be accounted for. 

Level nil Subs trata Arialysis of Vocabulary In 
Isolation . The subatrata analysis Is continued from 
Vocabulary in laolatlon through Power of Reading at Laval 
I to English Literature at Level 11, which is now sat as 
a subcrlter Ion * 

At Level III, two subsystems , General Information 
and Gaographyj precipitate to predict the variance in 
English Lltara ture * 

Table 2 ^ Section shows that the two systems ac^ 

count for 57.31% of the total variance in English Liter- 
ature* The direct and shared variance as well as tha 
total variance is identical Co that found for English 
Literature in a Level III subatrata analysla when Power 
of Reading is the major criterion. This Illustrates 
that each subsystem has an integrity of Its own and yet 
baars a relationship within a larger suprasystem of 
knowledga^ 

Arithmetic Reasoning is tha next subcriterion to be 
analysed. As In the subatrata analysis of Power of Read- 
ing^ Arithmetic Fundamentals is the only systam praclpi^ 
tated^ accounting for 33*80% of the variance. 

The third subcriterion Is Geography* Although this 
subsystem is analysed at Level III^ the variables preelpi** 
tated and the amount of_ variance accounted for are identi-* 
cal to those found for Geography at Level II ^ when Power 
of Reading was the major crltarion. 

All the predictor s precipitated from the thraa sub^ 
systems^ English Literature ^ Arithmetic Raasoning^ and 
Geography J in the working system hierarchy of Vocabulary 
In Isolation account for an Identical amount of the direct 
and shared variance^ This parallels what was found when 
these subsystems ware subcrlterla in tha substrata analy— 
sla of the working system of Pawar of Raadlng* 
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Figure 3 showa the interaction auiong the aubjeet- 
matter subsystems ^nd the suprasystem^ Vpcabulary in Xso^ 
lation , However ^ becauae the subs trmta. aequence in which 
the three subayatems are represented in the working ay 
tern hierarchy of Power of Reading and Vocabulary in lao^ 
lation are different | the predictor a precipitated in each 
of the three auba^s tema also make different contributions 
to their reapeetive major criteria, 

, Table 3 preSente the relevant parallel branehea of ' 
the working-- a ye tern hierarchlea of Power of Reading and 
VQaabuiary in Isolation in order to show the substrata 
aequenoes whioh provide a basis for prorating the vari- 
ance aQaounted for In the ^Ajor criterion from either 
Levels II , or IIl^ 

By using the aequential proration technique developed 
by Holmae (Holmes & Singer ^ 1961^ 1965) the following is 
accomplished i 

1. Each substrata faator*s eontribution to the 
var ianee in the workings ays tem hierarahy of 
a given major criterion is determined ra^ 
gardlass of the level at whieh it was pre^ 
eipitated^ 

2.. Residuale are taken into aecount^ 

3* Particular predietora that were precipitated 
more than once at a given level' can be ac^ 
cumulated^ thus presenting a more concise 
picture of the workings a ya tem ^ 

4* Comparisons can be made between other sub- 
strata factors precipitated in the various 
working system hierarehiea of thia study 
as well as other atudiea « 

It is apparent that the aaeond major purpose of this 
investigation has been aubstanCiated^ n^aely , that there 
are quantitative and qualitative dlffereneea among the 
subject-matter supra*- and subsystems^ 

The reciprocal interaction that one system has on 
another may be inferred from an analysis of K on Y and 
Y on X regreaSion ©quation* That reciprocity need not 
be syBametrical, aa haa been suggested by Holmes Cl964a) 
and given theoretical neurological support by John (1962^ 
p. 86). An indication of this non^s^metrical interaction 
O 
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Level O 



Level I 



Lavel II 



Level HI 



English 
Literatupd 




pQwar Qf ^ 6.65 
RaQdirtg 



VoGob. in I LI3 
Isolation. 




2(I0.03) 



QanM. Info. 
Geography 



Arith. Fund* 



Hist.-Clvles 
Gen'L Info. 
Engtfsh Lit. 




English 
Ltterstura. 





General 
Information 

A 



2(12,36) 



Geography 

^1 |2C8.00) 
1^ RDwer of Rdg. 

l5/ SI^ J 2(3.37) 

Grammar 




Power of 
Reading 



2(5.29) 



Qrammar 




^ General J 
Informafion 



2(7.93) 




Power of 
Reading _ 



Geography 

J2(2.49) 
Arith. Rang* 
^ I2C2.O6) 
Gen'L Info. 
^ J 2(2.59) 
Grammar 



Geography 

J 2(6,98) 
English Lit. 

12(5.78) 
Hist,- Ci vies 



\6S&--^ English Lit* 




1 2(3.20} 
Arlth. Rsng* 

12(2,58) 
Geography 
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Fig, 3, Sehema showing interaction among subject matttr subsystems In the 
O orking system of Vocabulary in Isolatiorij figures represent adjusted proportional 
iriance as par cent. 
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Cemparactve Subs era ci 



Table 3 



Pforaced Disc, of 

Percentage of 
ericarisn Variance^ 




35. P4 l)G.inf, 



OMg. 17.38 



3. A,RMg a, 91 




G.Inf 





3.01 




1) G.Inf 

2) Geog, 





1) A. Fun 33.10 



1,46 



23.32 1) Hs=Cv 
3> Lie. 



34.73 
17.39 
14.93 
67.05 




Th^ . i_ - — _ 
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is shown by using Power of Raading as the major criterion, 
or dependent variable, and Vocabulary in Isolation as the 
predictor 3 or independent variable^ for an X on Y ra- 
grassion. The converse , or Y on X regression equation , 
is applied by ueing Vocabulary in Isolation am tha major 
criterion 5 or dependent variable, and Power of Reading 
as the indapendent variable. This approach to non- 
aynmetrical interaction is sunmari^ed in Table 4 ^ 

Table 4 

Nen-SyimetE'leal Reelpifocal InCera^tion Between 
Fower q£ Reading and Vocabulary in leolabian 



Dependent variable Independent ^^ariable £ep^rel. AdJ , Prop. Variance 
^ - . Dv ve . Iv DlracE Shared ToEal 



Power of Reading VQcab . In ISQlatlan ,8226 33.72 13*83 47.55 

Vocab^ in laolation Po^tfer of Reading ,8226 17.54 16.81 34.33 



John (1962, pp, 86-87) afctampts Co explain raelproaal 
interaction in tarms of a phyeiological model for simple 
conditionad rasponeaa as followai 

Whtla raclprocity of the Intaraction is suggaated, 
this reciprocity nead not be aj^OTnetrlcal, partieu- 
larly whan the associatad diaaharges did not occur 
aimultanaously in two particular foci* Aaeiama 
that if a daflnite dominant focus is astablishad 
in an area due to msaoelated dlscharga of a group 
of neurons^ afferent activity propagated into tha 
ragion has an Incraaaad probability of achieving 
markedly nonrandom discharga f rom the focal araa . 
The more recent tha pravioua aaaociatad diacharga 
which activated tha focus ^ the higher the proba- 
bility of subsequent nonrandom dlscharga which 
might ba axpac tad. Thus^ activity propagatln 
through a network from some region A, whara as- 
sociatad discharge of an aggragate occurred 
earlier In tlma, might occasion marka^^ non-- 
random discharge of soma regipn B organl^ad into 
a dominant focus by a more recant strong input 
from another origin, Converealyp the activity 
propagating through the natwork from tha dis- 
charge of this strong focus B, established later 

time than A will subsequ 
A* T^ile soma calls in region A m 
3 ^P?^^^^^^^^^^^^^^^ originating at B, diacharga 



in region A la likelv fr^ 

B beoauee mor« tlm, «ndam than ac 

region is more i±ka!i to hl^ 5 neurons m the 
conaon state, and thus th*? deviated from the 

Carms of the f^t- & 
Isolation. 33.72% direct IfJfl" impact of Vocabulary i„ 
contrast to Power oJ leadrnl^f ?^ Power of Reading S 
Isolation to the ^tenl oJ ilf^H?- *^n^^c«bul«ry L 
appears that the strenRth of direct variance, it 

charge is not only a SSnctllnW *SSregate 'dla- 

the following neurological l«H but also of 

adopted and e.tendedi;^^Sh^ fllll: p*'||> . 
1. Vocabulary is th^ 

prehension. If^h^i^„^ °^ feadlng com- 



2. 



can be no eompre^ensJoir voertulary. there 

Although Vocabulary In Isnlan 
earlier than Powe>r'^of R«dW le" '^"^"'^ 
association will inc«^^» JJ?®' "® repeated 
neural aggregate Sschajge " """Sth of 

iLr^rje'^^hei^^^L^'xrr ■^'"'"^ 

indicate i^ower of Reading niay also 



chK;cJ:^ij^<j^™P°-^l pa'«:^rn that has 
ehe sysj^^^w'^''" discharge of 



b^Jn' J^s^^JaterSS^lS^r^^"^^ "hich have 
^ of a system c'InsStuS a'^Lrlf 

cally interlocked dominane lolf . "^^^'o- 

«nsf!^^tr^ j^^il^^lonship^^ 

ration of e^n"m™lti^?S„I* H^V?"^^*"" 
so associated s„^h whxch have been 

dominant io?r"„i?r^. h ^y^'™ of interrelated 
to as a replJa"nJatf"^ff^"«"'^ly referred 
p. 86). P"«ntacional system (John. 1962 
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H«lm^f?*'"'\^®P'®^*"^^^^™l system la equivalent to 

i-h^ ^ "presentational system of the dominant foel In 
the working=spt«m hle«rahy of Vocabulary in ifoiltiSn 
IS displayed in the schema shown in Figure 3 T^e 
schema is read in the same manner as Figure 2 ^hlch 
representa the working system of Power of "Lading 

Summary of Substrata Analysis of Vocabulary in Isolation 

veals f ^ubstrata analysis of Vocabulary In Isolation re^ 

indicates that althoush thS subsystems EnIlishL?Jerature 
anf s^Lid S^^?°"i"S. «nd Geography havaidantic^rdfr act* 
and shared variances within their respective subsvstem^ 
a sequential proration based upon the'^multlplier princi' 

lo^tr^b^ttons ^hree subsystems ^ke different 

contributions to the variance of their major erlterion. 

ter™^^? if®^S of the proration approach is given In 
fS^ora .r^° postulates which assume that substrata 

^? °^ systems within subsystems and 

sacondly, correlation reflects a mean, reclnlocal 
action among two such subsystems, reciprocal inter- 

Sy^etrlcal and non^synroetrlcal Interaction Is 
further postulated with an analysis of X on Y and v ^„ it 
for Power of Raadlng and Vocabulary iS is oL^^^ N^^^ 
^''""ib^tlons to variance arl found and^^ 
J^^^'^ (1962) neurophyslologlcal 
T«Si V? ^h«^a"thor 's psychological reasonl^ If oSt the 
latloS ^^^o^^r oe Rsadlng and Vocabularf in laof 
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SUMMARY AND CONCLUSIONS 



Bas iQ Pos tulates GaTiaral Opeii Sys terns TheQry and 

the Subs trata=FactQr Theory of Reading i Because tUe lne©= 
grating construct of this atudy was General Open Systems 
Thaory and the Substrata-Factor Theory^ fundament^Al postu-* 
la tea common to the two theorlea were presented. Eight 
postulates were, identified* 

Postulate Ti Exchange of energy ^ inf ormatipn ^ 

or matter with the environment 
through input and output channels 

Postulate II f Maintenance of steady states 

Postulate III I Self ^regulating tendencies--re- 

es tabllshmant of steady states 
after being dis turbed 

Postulate IVi Equifinality 

Postulate Vr Dynamic interplay of the subsystems 

Postulate VI ' Feedback processes 

Postulate VII' Progressive segregation and hier- 
archical order of subsystems 

Postulate VIII* Progressive integration 

Assumptions 

Several fundamental assumptions had to be made in 
order to proceed with the substrata analyses i 

1. Content areas eKmmined in this study are com- 
pleK suprasystems consisting of many divex"se^ 
yet funetlorially related and supportivas sub- 
systems . 

2* Substrata factora are dynamic sets of subsystams 
continually being organised and reorganized in 
the brain^ depending on the task confronting the 
organism, 

3- Hierarchies of subsystems upon which the sub^ 
— strata analysis is mada depend on the concept 
of multi-causality as iteciprocal causation. 
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4, While aorrelations aannot In any way sube tantlatie 
reclpifoeal cause and affect relationships p the 
correlational analysis can and doea give an astl-- 
mate of the reciprocal intaraction that may be 
going on among the variables. 

5. Reciprocal Interaetlon may be represented by an 
analysis of the X on Y and Y on X regrassion 
equation ^ for in educational psychology there 
is no such thing as an absolutely independent 
variable* Independent variables are reciprocally 
dependent and often statistically related, 

6* The biological aclencaa, 1. a > ^ physiology^ bio- 
chemlatry^ and neurology ^ can provide a frame- 
work for further understanding of the psycho- 
educational results of this study. 

Conclua ions 

Generally^ the theoretical and empirical aims of this 
tudy were achieved ^ 1 . e ^ , 

1, Thera Is an iaomprphic relationship between all 
General Open Systems Theory postulates and Sub- 
strata-Factor Theory postulates . Therefore, in 
terms of the abstracted General Open Systems 
Theory postulates^ the Subs trata^ Factor Theory 
exhibits internal consistency and external 
agreement with similar theories in other disci- 
plines such as blologyp ehemlstrys and physics. 

2. Subject-matter .areas can be conceived of as 
supraays terns girded by diverse^ yet functionally 
related, subsystems ^ 



More specif icallyj 

1, Working- system hierarchies were found for each 
content area manifesting quantitative and qual^ 
Itative differences in organisation of substrata 
sequences, amount of variance aGcounted f or ^ and 
redundancy of particular variablaSs 

2. Reciprocal Interaction can be Inferred from an 
X on Y and Y on X regression analysis , 

3* The proration sequential technique may provide 
^^.^^^^^^^f^^ determining the extent of a 



particular subsystem's Impact on the suprasysto 



Limitations 

This study is a first approximation, and Its gener- 
■ailties are limited to the basic assumptions, postulates, 
sampling, methods, and tests used. Further, theory build- 
ing, testing, and logical analysis as well as knowledge 
of the nature of the brain is necessary to more fully 
understand the present findings as well as subsequent 
findings , 



NOTES 



This paper Is based in part upon a Ph.D. disser- 
Cat ion done by the writer at the University of California 
(Kllng, 1965), The writer wishes to acknowledge the 
financial assistance of the Carnegie Gorporatlon of New 
York , 

2, - - - 

On a theoretical level Bertalanffy made pioneering 

1932"^^ i** the field of biology. Sea Bertalanffy, 1928- 
Personal connnunicat ion. Holmes Cl964b) / 
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